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RESEARCHMEMORANDUM

AERONAUTICS

SOMELOW4FEEDCHARACTERISTICSOFANAIR-INDUCTIONSYSTEM

HAVXNGSCOOP-KYH?INLETSWITHPROVISIONSFOR

BOUNDARY4MYERCONTRQL

ByEarlC.Watson

SUMMARY

An investigationwasconductedatlowspeedofana-induction
systemhavingtwinscoop-typeinletsonthe”sidesofthefuselageofa

. modelofanairplmedesignedforflightat supersonicMachnumbers.
Theleadingedgeofthelipofthescoopwasroundedandtherewerepr~
visims forcontroloftheboundarylayeraheadoftheinlet.

+>
Ananalysisofthedataindicatedthathighexternaldragwasasso-

ciatedwithseparationoftheflowfromthsexternalsurfaceofthelip.
Severaldifferentprofilesforthelipwereinvestigatedandonewas
chosenforfurthertestsoftheair-inductionsystem.Thereyasno
separationfromtheetiermalsurfaceofthelipselectedfw mass-flow
ratiosabove0.75atanglesofattackbetween19and11°,andat0°
angleofattacktheram-recoveryratiowasthehighestobtained.

Forthelipprofilechosenfordetailedinvestigationoperating
witha ratioofboundary-layer-controlductflowtomainductflowof
0.075,dataerepresentedshowingthemriationoftheram+ecovery
ratiointhe~in ductwithmass-flowratio,andthemannerinwhichthe
ram-recoveryratiowasaffectedbyangleofattackandangleofsideslip.
At0°angleofattackandsidesliptheram+cecoveryratiovariedfrom
0.95 ata mss-flowratioof1.0to0.79 ata m3ss-flowratioof2.2.
TherawrecoveryratiodecreasedaboutO.0~witha chengeinangleof
attack&cm 0°to9°.

Someincreaseinther~ecovery ratiointhemin ductresulted
fromboundary-layerremoval.Forexample,ata mass-flowratioof1.0,

. varyingtheboundary-lays~ontiolductflowfromO to0.075ofthe
nainductflowincreasedtherauwrecoveryratioabout0.035. s?
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Dataarealsopresentedwhichshowthedistributionofther-
recoveryratioatthecompressorinletstation,thepressuredistribu-
tionsonvarioussurfaces,andthecharacteristicsoftheboundarylayer
inthevicinityoftheentrancetothenminscoop.

INTRODUCTION

Therearelimiteddataavailableonthelow-speedcharacteristics
ofair-inductionsystemsforuse Inairplanesdesignedforflightat
supersonicspeeds.TheinvestIgationreportedinreference1 wascon-
cernedwiththelcn+speedcharacteristicsofa fuselagesideinletfor
useattransonicflightspeeds;thatreportedinreference2 wascon-
cernedwiththelow-speedcharacteristicsoftwosupersonicinletshav-
ingstipleadingedges,cmedesignedforflightMachnumbersupto1.2,
andtheotherforfl@htMachnunibersupto3.0. Ineachofthese
investigationstheinletswereannularwitha conicalcentralbody.The
investigateionofreference3 wasmadetodeterminethesutsoniccharac-
teristicsofair-inductionsYstemsfora hypotheticalairplanewhich
wouldutilizescoop4ypeinletsdesignedfara Machnumberof1.7.
Theseinvestigateionsindicatedthatseparationoftheflowfrcnnthe
internalsurfacesofthelipsoccurredathi&hmass-flowratiosand
reducedthepressurerecoveriesoftheinlets,andthatseparationof
theflowfromtheexternalsurfacesofthelipsoccurredatlownss-
flowratiosandincreasedtheexternaldrag.

Asps& ofa programforthedevelopmentofa supersonicresearch
airplane,anexperimentalinvestigationwasundertakenofanair-
inductIonsystemwhichhadtwinscoo~typeinletsonthesidesofthe
fuselage.Theforebodyofthefuselage,whichwasapproximatelytri-
angularincrosssection,wasdesignedtoprcduceexternalsupersonic
compressionoftheairbyutilizing theconicalshockwaveatthenose
andanobliqueshockwaveateachintakeramp,A roundedlipwas
employedandthusa normzlshockwaveanda regionofsubsonicairflow
wouldalwaysoccurjustaheadofeachmainscoop.A boundary-layer
scoopwaslocatedattheleadingedgeofeachintakerampinorderto
reducethequantityoflow-energyairenteringthemainductsandto
reducethebounilary4ayerandshock-waveinteractionatsupersonic
speeds.

Theresultsoftestsofa simplifiedversionofthedesignat
supersonicspeedsaregiveninreference4. Theresultsoftestsofa
l/&scalemdel ofthedesignatluwsubsonicspeedsarepresented
herein. ThisinvestIgation,madeforvariousanglesofattack,angles
ofsideslip,andmass-flowratIosinthemainandboundary-layer-
controlducts,wasconcernedwiththefollowing:

—

.

.
\’
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1. Theflowconditionsoverthelipsofthenin scoopsandthe
-\ developrmt,ifnecessary,ofa lipprofIleoverwhichtherewouldbeno

separatiunoftheflowfrmntheexternalsurfacefor=ss-flowratios
between0.75 amd1.0(theramgeofmass-flowratioexpectedforthe
operationoftheseinletsatsubsonicspeeds);

2. Thepressure+ecoverycharacteristicsofthemainandboundary-
laye=ontrolducts;

38 T~

4. The
theentrance

pressuredistributionsonvarioussurfaces;and

characteristicsoftheboundarylayerinthevicinityof
tothescoops.

NOTATION

Symbols

ductcross-sectionalarea,squarefeet

speedofsoundinair,feetpersecond

wake-surveydragcoefficientbasedontheentranceareaofthe
mainduct

drag,pounds

distancenormaltoa surface,inches

totalpressure,poundspersquarefoot

()TMachnuniber-
a

staticpressure,poundspersquare

pressurecoefficient
(PY)

root

-c presue,poundspersquarefoot

localvelocityintheboundarylayer,feetpersecond

localvelocityinmdiatdyoutsideoftheboundarylayer,feet
persecond
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velocity,feetpersecond

geomtricangleofattackofthefuselagereferenceplane,
degrees
(NoseUTisthepositivedirection.)

angleofsideslip,theanglebetweenthefuselageplaneof
s-try andtheflightpath,degrees
(Nosetotheleftisthepositivedirection.)

thiclmessof
Ity u is
layer

boundary-layer

boundary-layer

the Mundary layertowherethelocalvelcc-
0.99 OfthevelocityU outsidetheboundary

displacemmtthiclmess
[xl-:) ‘1

mcmentumthickness[~’:~-:) all]

angularpositionofthepressuretubesintherakeatthe
stationcorrespondingtotheccqressorInlet,rmasured
clockwiseaboutthecenterofthemainductfrcmtheduct
verticalreferencelineasviewedlookingforward

massdensityof

compressibility

free stream

theair, slugs percubicfoot

3ti’”f l-+,(?H& .0$1+.o@
factor

( )
l+LM2+Afi+ AM%..

4 40 1600

‘*

-

— —

.-. .

Subscripts —

stationatwhichtheentranceareaofthemainductwas
determined,station294

simulatedcompressorinlet,station394.5

boundary-layer-controlduct

.—

..=-

,7
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Parameters

5

.

.-!

r~ecovery ratio

=ss-flowratiointhemainduct(-) ~

ratioof

tothe

Themodelwas
aS showninfigure

the massflowthrough

II15SS fhw throughthe

\ POAIV0/

thsboundary-laye~cmtrolduct

mainduct(’%%LP@xVIZ

DESCRIPTIONOFMODELANDAPPARATUS

one-fourthfullsizesmdwasmountedonitsleftside
1. A moredetailedviewshowingthescoopsonthe

rightsideof&e modelcanbeseeninfigure2. Stationnuniberscmthe
fuselageanddimnsions,unlessotherwiseindicated,areininches,full
scale,

Afters- preliminary testingthemodelwasrevisedtoconform
withproposedchangestothefuselageandair-inductionsystemsofthe
airplane.Wornthesetestsitwasfoundthatclostigtheductsonone
sideofthemodelattheplenum”chaniberdidnotaffectthecharacteris—
ticsoftheductsontheotherside.Thus,onlytherightsideofthe
modelwasrevisedtotheappropriatecontoursandtheductsontheleft
sideweresealedattheplenumchanibers.Someofthechangescanbe
seeninfigure1 bycompartigtherightandleftsidesofthemodel.It
shouldbenotedthatthedatapresentedinthisreportareonlyforthe
revisedrightsideofthemodel.

A pm?tionoftherevisednainscoopbetweenstations293.and300
wassodesignedthatitcouldberemovedinorderthatdifferentpro-
filesforthelipofthescoopcouldbeinvestigated.Thedetailsof
theorientationofthelipareshowninfigure3,togetherwiththepee
tinentdimmsionsandcontoursofthefuselageandtheSCOOPS.Thepr-
filesofthelipsinvestigatedareshowninfigure4 andthecoordinates
aregivenintable1. Theinternalprofilesofallthelipsfairedto
theductcontouratstation300.Lip E andlipO hadthesa?minternal
profile.TheexternalprofileoflipsO,B,D,andF wasdesignedto
fairtothecontourofthescoopsurfaceatstation3Q0.ForlipsE and.
G theexternalprofilewasfairedtothescoopsurfaceatstation325.

. Figure~~showsthelongitudinalvariatimoftheereaofthemain
duct.Theratiooftheareaat station394.5,thestationccmrespcmding*

B“”-

L ‘7..-% .-
;#- -.A
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totheentrancetothecompressoroftheengine,totheentranceareaof
themainductwas1.267. Theentrancearea,whichwasdefinedasthat
atstation294,was248sq,us2?einches.

Thestarterhousingwiththespinner,andthestarte~ouslng
struts,whichhadtheNACA0024airfoilsectionwitha full+calechord
of3.125inches,areshowninfigure2.

We ssurerecoveryinthemin ductwascalculatedfrommasurenents
atstation39495*, Therakeusedtoobtainthem5asurem3ntscanbeseen
infigure2. Thewientationofthe76total-pressuretubesandthe
8 stati~essuretubesoftherakeisshowninfigure6.

Thepressurerecoveryintheboundary-layer-controlductwastalc%
latedfrommasuremmtsatstation291,andtheorientationofthe
pressuretubesisshowninfigure6.

Otherinstrummtationofthemodelincludedflushorificesalong
thecanopy,alongtheintakeramp,andalongthetopandfloorofthe
ductintheplanethroughthecenteroftheduct.Theflusharifices
thescoopsurfacefcnwardofstation300wereinthesam plane,but

in

behindstation300theywereintheplanedesignated~ infigure3.

Removablerakeswereusedtomasurepressuresinthewakefromthe
lipofthemainscoopandintheboundarylayeraheadofthemin scoop.

The76 total-pressuretubesoftherakeinthe~in ductwerecon-
nectedtoanintegratingwater-in-glassmancmterwhichprovidedthe
Individual.aswell.asthearit~ticman ofthetotalpressures.
Becauseofthespacingofthetubesthisarithmticman wasapproxi-
matelythesam asthearea-weighted~verageranuwcoveryratio.All
otherpressuretubeswereconnectidtomultiplemanomters,Readings
.ofall.mancmterswererecordedphotographically.

A plenumchaniberforthemainductsanda plenumchamherforthe
boundary-layer-controlductswereinsidethemcdel,andamindividual
pipingsystemconnectedeachchamberwitha separatiblover.

Thequantityofairflowthroughthe~ti ductswasregulatedby
mans ofa centrifugalblowerdrivenbyanelectricmotor,andwas
mteredbymeansofa calibratedA.S.M.E.orificeinterinthepiping
system.Thequantityofairflowthroughtheboundary-laye~ontrol
ductswasregulatedandmteredina similarmanner.
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Tests

Thetestswereconductedinoneofthe-S 7-bylG footwind
tunnelsata Reynoldsnuuiberofapproxtitely1.4x 108fora lengthof
1 foot.Thefree-streamliachntierwasapproximately0.16.

Staticpressuresontheexternalandinternelsurfacesofthelip,
andstaticandtotalpressuresinthewakeofthelipandatthec-
presscmInletstationwaremasuredforeachofthelipstested.The
datafromtheseuasurenents,togetherwithtuftobservations,provided
a basisforcomparingthelips.TheprofileoflipE wasseleckdand
usedforfurthertests.Unlessot-herwisespecified,thedatapresented
inthisreport~e forlipE ontherightmainscoop.Withthislip,
testsweremadeforthefollowingrangeofvariables:

1. Mainductmass-flowratio(m=/~). . . . . . . . . . 0 to4.0

2. Ratioofthemassflowthroughthe
boundary-laye~ontrolduct‘to
themassflowthroughthemain
duct,~/ml . . . . . . . . . . . . . . . . . .. Otoo.15

3* Angleofattack,a.... . . . . . . . . . . ..OO to+21°

4. Angleofsideslip,P . . . . . . . . . . . 0°,-10°,and+ 10°

Theratioofthemassflowthroughtheboundary-laye=ontrolductto
themassflowthroughthemainductn#ml was0.075,exceptwhenthe
primryconcernwastomasureboundary-layervelocityprofilesorto
investigatetheflowintheboundary-laye~ontrolduct.Zero flowin
theboundary-layer-controlductwasobtainedintwoways:Inonethe
boundary-layer<ontrolductwassealedattheplenumchamber,andintk
othera plasticenefairingwasusedf!romtheintakeramptothecanopy.

RESULTSANDDISCUSSION

CharacteristicsoftheLipsInvestigated

A regionofseparatedflowovertheexternalsurfaceoftheorig-
inallip,lipO,ofthenainscoopwasindicatedduringthetestsofthe
model.Theprofileofthelipwasmodifiedinanattemptto (1)el~
hate separationfromitsexternal.surfacefor~ss-flowratiosabove
0.75 (amass-flowrattoof0.75 waschosenasthelowestmass-flowratio
thatmightbeencounteredwiththeairplaneatsubsonicspeeds),and
(2)toimprovethepressurerecoveryatthecompressor-inletstation.

~Zi===
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X%essuredistributionsontheexternalsurfacesofthelipssre
presentedinfigures7(a)through7(f)fora niodelangleofattackofOO. “’ ‘“
SeparationoftheflowfromtheexternalsurfatieoflipO,theoriginal h:
lip,occurredasthemass-flowratiowasreducedfrom1.0to0.8.This
separationisindicatedinfigure7(a)bythe.collapseoftheregionof
minimumpressureneartheleadingedgeofthelipintoanex”tendedregion
oflessnegativepressure..Asthemass-flowratiowasfurtherreducedto
0.6,theregionofrelativelyconstantpressm~wasetiged andthe- -..— .
imumpressurecoefficientbecm lessnegative.Thepressurecoefficients
shownb figure7 areanindicationoftheflowconditionsoverthelip
andscoopsurfaceneartheplane~ only.Tuftstudiesweremadeto

.----
determinethelowestmas~flowratioforunseparatedflowasa functionof

.-

theangleofattack.Figure8 showsthelowestmass-flowratioforunsep-
aratedflowovertheexternalsurfacesoflipsO,E, andF foranglesof
attackbetween0°and15°.Thetuftstudiesindicatedthattheseparation
originatedattheleadingedgeofthelips.Atlowanglesofattackit
occurredfirstfromthelowersurfaceofthescoop;athighanglesof

.—

attackitoccurredfirstfromtheuppersurface.(Seefig.3,viewC<
——

forsurfacedesignations.)Datafor0°angleofattackindicatedthatthe
flowoverlipBwasattachedformass-flowratiosdownto0.6,andthat .—
overlipsD andG theflowwasattachedata mass-flowratioof0.4.Tuft .
studieswerenotmadethroughouttherangeof-angleofattackwithlipsB,
D,andG. Thedatafor0°angleofattackindicatedthattheselipswould
be satisfactoryfromthestandpointofexternalseparation;however,the =.
ram-recoveryratiointhemainductwasadverselyaffectedbytheselips —
athighmass-flowratios,asisevidentfromfigure9.

Figure9 showsthevariationofr~ coveryratiowithmass-flow
ratiointhemainductfm thesixlips.Thelowestram-recoveryratios
wereobtainedwiththemost–droopedlips(lipsB,D,andG,seefig.4).
Largedifferencesinther~recoveryratiosfw thelipsoccurredonly
athighmass-flowratios,above1.6,suchas-thosewhichmayleencoun-
teredduringtake-off.Thesedifferenceswereattributedtotherela-
tivedegreeofseparationoftheflowfromtheinternalstifacesofthe

.—

lips.Itcambeseeninfigure9 thatther~ecovery ratiointhe
mainductmS highestwithliPE, .

Forfurtherinvestigationoftheair-inductionsystemtheprofile
oflipE,whichwasthickerandofdifferentcamberthantheoriginal
lip,wasselectedforthescoop.LipE waschosenbecausetherewasno
separationoftheflowfrumtheexternalsurfaceformass-flowratios —
above0.75,foranglesofattackbetween1°and1.1”,andat0°angleof
attacktheram=recoveryratiointhemainductwasthehighestobtained.

—

Toestjmatetheeffectofseparationoftheflowonthedragofthe
lip,pressuremeasurementswereobtainedInthewakeoflipsO andE at “
station357.Thesemasurenentsweremadeatthreedj.fferentTositions
onthesurfaceofthescoop.(Seefig.2.) Evaluationoftk pressures —.

h—
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bythemthodsuggestedinreference5 gavea relativesubsonicdrag

7
coefficientforeachlip. Thewake-surveydragcoefficients,basedupon
theentrancearea,areshownforeachofthesetwolipsb figure10for
a rangeofmass-flowratioandam@e ofattack.Thedragcoefficients
foreachlipwereaboutthe_ whentherewasnoseparationfrom
eitherlip,thatis,thevaluesofthewake~urveydragcoefficientfor
lipO ata massflowratioof1.2wereabouttheSeJMasthevaluesfor
lipE ata mas~flowratioof0.8.Forequalmass-flowratiosletween
0.60and”1.0thedragoflipE wasconsiderablylessthanthatoflipO.
Itisevidentthatseparationfroman improperlydesignedlip,suchas
lipO,wouldhavea considerableeffeetonthedragofthefuselage.

CharacbristicsoftheMainDuctWithLipE

Thepressurerecoveryinthemainductvariedwiththemass-flow
ratioofthe?minduct,withtheangleofattack,tiththeangleof
sideslip,andwiththequantityofairflowintk boundary-layer-
controlduct.Figure11showsthevariationofther-recoveryratio

. atthecompressorinletstationwiththemass-flowratioforthe?min
ductwithlipE. Thera&recoveryratioccmputedonthebasisof

isentropicflowanda ductefficiency
()
-1.-. of0.97 alsoisshown
H1~l

infigure11. Becausethedifferencebetweenthetwocurveswasnearly
constantformass-flowratiosbetween1.0and2.2,itcanleassured
thattherewasnoseparatismoftheflowfromtheinternalsurfaceof
thelip. Forticreasingmas+flowratiosabove2.2thedifference
betweenthetwocurvesincreasedrapidlyandtherebyindicateda
decreaseinr-recoveryratioprobablyresultingfromseparationofthe
flow.

Forpower-onstaticconditions,whichwouldbeencounteredpriorto
take-off,themass-flowratiooftheductbeccmsinfinite.Forthis
coniition,thepressure-losscoefficientispresentedh figure12asa
function ofthehpactpressureattheentranceoftheduct.Theimpact
pressurewascalculatedassumingisentropicflowfromfreestreamtothe
inlet,andat itshighestvaluetheMachnumberattheentranceofthe
ductwasapproximately0.34.

Figure13 showsthevariationof~ecovery ratiointhemain
ductwithangleofattackforconstantmass-flowratios.Changingthe
angleofattackfrcm0°to9° reducedtheranwrecoveryratioabout0.05,
orless,dependingonthemass-flowratio.Therateofchangeofram-.
recoveryratiowitha@e ofattackwasgreateratanglesabove9°. The
cotiinedeffectsofchangesofangleofattackandmass-flowratioon
ther~ecovery ratioareshownina three-dimnsione,lplotin.
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figure14,whichshowsconvenientlytheadvereeeffectsofhighmass-
flowratioandangleofattack. K

Figuree15(a)through15(f)showtheeffectsofangleofsideslip
ontheram+recoveryratiointhemainductforvariousanglesofattack
andnms-fl.owratios.

Thecircumi?erenth,ldistributionsofthe~ecovery ratioat
threedifferentradialdistancesfrcantheductwallatthecompressor
inletstationareshowninfigure16(a)through16(f)forvariousmss-
flowratiosandanangleofattackof~. Attheradialdistanceclos-
esttotheductwall.thecircumferentialvariationsintheram+recovery
ratioweregreaterthanattheothertworadialdistancesbyanamount
whichvariedwiththemass-flowratio.Thegreatestmiaticm- indic-
ative’alsoofthelargestpressurelosses- occurredintheregionwhich

.—

wouldbemostinfluencedbytheflowalongthefloorandfhm the
cornersoftheduct.Exploratorypressuresurveysindicatedthatlarge

—

pressurelossesoriginatedinthecornersattheeqtranceoftheduct
presumablybecauseoflocalfluwseparation.

Figures17(a)and17(b)showthatthemximummasuredcircun+ .
ferentialvariationofther~ecovery ratiowasflmmabout0.15to1.7
formass-flowratiosbetween0.5and2.4,respectively.Parts(a)and
(b)shuwtheeffectsofangleofattackandofangleofsideslip,res– a
pectively.Alsoshown”inthisfigureisthecomputedcircumferential

—

variationofr~ coveryratiobasedupona circtierentialvariation
oftotalpressureatthecompressorinletof1 poundpersquareinchfor -.

standardsealevelconditicms.Notethatbelowa mass-flowratioof
.

about1.2theuwasuredvariationexceededthecomputedvariation.
Whethersucha circumferentialvariationoftotalpressureisexcessive

.

ornotwoulddependuponitseffectontheengine. =

CharacteristicsoftheBoundaryAayer-ControlDuct

Theinfluenceofthevariationofthequantityofflowinthe
bound.ary-la~r+ontrolductonthepressurerecoveryinthemainduct
canbeseeninfigure18. The data forthevalueof ~/ml = O were

—

othainedwiththeboundary-layer-controlductsealedattheplenum
chamber.Ascanbeseenh thefigure,thelargestportionofthegain
Inr-recoveryratiowhichresultedfroma Variation of ~/ml from .
0 to0.15wasrealizedwhen~/ml was0.075. —.

Ata mass-flowratioof1.0,varying~/ml fromO to0.075
increasedther-recoveryratioapproximately0.035.Whena plasticene

.

fairingfromtheIntakeramptothecanopywasusedtose&lthe —
bound.arydaye~mtrolduct,theIncreasewasapproximately0.025. a,

-.
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Thus,atsubsonicspeedsitmaynotbenecessarytoremmetheboundary
7 layerforthistypeofinletcombinationparticularlyifthereisproper

fairtigbetweentheintakerampandthecanopy.

Figure19 showsthevariationoftheram-recoveryratiointhe
boundary-layer+ontrolductwiththequntlty-f-flowpsramtm?~/m=
forvsriousnmss-flowratiosinthemainduct.Figure20showsthis
vmiationina three-dimnsionalplotwhichconvenientlyindicatisthat
thepressurerecoveryintheImundary-.ayer-control ductwasadversely
affectedbya conibinationofhighmass-flowratiointhemainductanda
highvalueoftheratioofboundary-layer-control-ductflowto
main-ductflow.

Theeffectsofsingleofattackandangleofsidesliponthsr-
recoveryratiointheboundary-layer-controlductareshownin
figures21and22,respectively,for mB/ml= 0.075.Thelowpressure
receveryintheboundary-layer-controlductthroughouttherangeof
variablesofthetestcanbeattributedmainlytothelowenergyofthe
airintheboundarylayer.

.

PressureCoefficientDistributionsand
Boundary~yerCkacteristics.-

Pressme coefficientdistributionscmthecanopy,ontheintake
ramp,onthetopandfloorofthemainduct,andonthescoopsurface
arepresentedinfigure23forvariousmass-flowratiosandinfigure24
forvariousanglesofattack.Ata mass-flowratioof1.6thepressure
coefficientsonthetopandflooroftheductwereonlyaffected
slightlybyanglesofattackupto15°.

Figure25 showsthemommtumanddisplacementthicknessesofthe
boundarylayeraheadofthemainscoopfcma widerangeofflowcondi-
tionsinboththemainandboundary-layer-controlducts.Formass-flow
ratiosbetween0.6and1.6,thepressuredistributionsandboundary–
layerprofilesforthecanopyandtitakerampindicatedthattherewas
no separationoftheflowaheadofthenminscoopforanyofthequanti-
tiesofflowintheboundary-layer-controlduct.

CONCLUDINGREMARKS

. A wind-tunnelinvestigationatlowspeedwasmadeoftheair– “
inductionsystemofa modelofanairplanefuselagedesignedforflight
atsupersonicMachnumbers.Thedatapresentedaresm indicatimofthe

-. conditionsoftheflowoverthesurfaceofthescoop,overtheintake
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rarq,overthecanopy,andoftheflowinthemainandboundary-layer-
ccntrolducts.TIMmore@cmtantresultsandC~CIUSionswhich~re
reachedareasfollows:

1. Dataandobservationsfromthisinvestigationindicatedthat
theprofileoftheariginallipfcmthemainscoopwouldbeunsatis-
factoryforsubsonicspeedsbecausetheflowovertheetiernalsurface
ofthelipwasseperatedfw mass-flowratiosof1.0andless.Several
differentprofilesforthelipofthescoopwereinvestigatedandof
theseme wasselectedforfurthertestsoftheair-inductionsystem.
Thisimprovedlipwasthickerandofdifferentcamberthan the original
lip.Withthisliponthemainscoop,theflowovertheexternalsur-
facewasunseparatedatanglesofattackbetween1°andll”fornEss-
flowratiosof0.75andabove,andat0°angleofattackthepressure
recoveryin the main ductwasfmprovedathighmass-flowratios.

2. Fora givenangleofattackandfcma givenmasxflowratio
below1.0,thedragofthemainscoop,asindicatedbythewake-survey
dragcoefficient,wasmuchlargerwiththem?iginallipthanwiththe
improvedlip.

3* At 0°angleofattackandwiththeimprovedlip,theraw
recoveryratiointhemainductvariedfrom0.95ata mass-flowretioof
1.0to0.79 ata mass-flowratioof2.2fora ratioofbm@ary-layer-
control-ductflowtomain-ductflowof0.0750Increasingtheangleof
attackupto9°graduallydecreasedther-recoveryratio(adecrease
ofabout0.05cmless).Alove9°theran+recoveryratiodecreasedmore
rapidly.

.

.

4. Som increaseinram+ecoveryratiointhemainductresulted
fromboundary-layerremoml.Ata mass-flowratioof1.0,varyingthe
quantityofflowintheboundary-layer-ontrol-ductfromO to0.075of
theflowinthemainductincreasedther~ecovery ratioapproxi-
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